Chitosan/montmorillonite (MMT) and Poly vinyl Alcohol (PVA) / Silver nanoparticles (AgNPs) nanocomposites were prepared and formed hydrogel membranes using freeze thawing technique. The properties of the prepared hydrogels were investigated and compared to hydrogel membranes in presence and absence of nanometals. The physical behavior, mechanical properties and antibacterial activity was examined. Also the surface morphology monitored using scanning electron microscope. Antimicrobial activity against bacteria and yeast was also examined. The obtained results showed positive effect of nanometals especially AgNPs on swelling percent on the other hand tensile strength were combined by presence of MMT nanoparticles. The surface morphology showed homogenous images for all samples except samples containing MMT. All prepared samples containing nanoparticles showed antibacterial activity especially hydrogel membranes containing AgNPs.
INTRODUCTION
Hydrogel identified as 3D hydrophilic polymer network can hold the water molecules for a long time preventing them from evaporation. Hydrogel widely used in medical industry such as wound dressing, scaffold, contact lenses, controlled drug release and etc (Bhowmick and Koul, 2016; Catanzano et al., 2015; Silva et al., 2015; Pairatwachapun et al., 2016; Mabry et al., 2015) . Hydrogels prepared in physical and chemical ways. Physical ways especially freeze thawing techniques it has advantageous of easy prepare and free from harmful initiators and crosslinkers which not easy to remove (Abdel-Mohsen et al., 2011) . Hydrogels prepared from PVA aqueous solutions by freeze-thawing have shown interesting properties (Kim et al., 2015) . They have good mechanical properties and stable thermal properties (Kim et al., 2015) . Unfortunately, PVA showed high crosslinking at pure state affected negatively on swell-ability. For this reason, freeze-thawed PVA hydrogel usually incorporated with another hydrophilic polymer (Zhang et al., 2010) .
Chitosan, the partially deacetylated from chitin, is well known material for wound healing field. It has excellent biodegradability, biocompatibility and antibacterial activity (Abdel-Mohsen et al., 2012; Hebeish et al., 2014; Hebeish et al., 2015; Hebeish et al., 2013) . Now a days chitosan incorporated to different nanometals to quire it new properties such as mechanical strength (Hsu S-H et al., 2012) . In the current work chitosan/MMT and PVA/AgNPs are prepared to form physical hydrogel using freeze-thawing technique studying the effect of presence and absence nanometals of physical, mechanical and antibacterial properties.
EXPERIMENTAL

Material and methods
Materials
PVA powder of molecular weight 17 kDa with saponification degree of 99.85% was supplied by D-MID GEL Co. Koysna, Monfiya, Egypt. Chitosan powder was supplied by Fluka Chemical, and its degree of acetylation was determined and found to be 14% by elementary analysis with average molecular weight 600 KDa. Silver nitrate and montmorillonite were laboratory grade used without further purification.
Methods
Preparation of silver nanoparticles (AgNPs) by polyvinyl alcohol and sodium borohydride.
Ten grams of PVA was dissolved in 100 ml distilled water using heating magnetic stirrer at 70 °C for 6 hr. After complete dissolution, 5 mg sodium borohydride (NaBH 4 ) was added to the reaction medium followed by drop-wise addition of 10mg/ml of silver nitrate solution (keeping in mind that the total volume of the reaction medium is 100 ml). The reaction mixture was kept under continuous stirring for (15 min). The reaction medium acquires a clear yellow color indicating the formation of silver nanoparticles (Bhowmick and Koul, 2016) .
Preparation of CS / MMT nanocomposites
One gram of CS was dissolved 1% glacial acetic acid and agitated for 24 h. 50 mg of MMT were added in to chitosan solution followed by continuous stirring for 2 hrs.
Hydrogel formation
Freeze thawing technique as mentioned before as a safe effective free crosslinking at hydrogel preparation provide a real solution for biomedical hydrogel prospect to be used at wound healing. Our group the optimum condition for preparing chitosan/PVA freeze-thawing hydrogel, it was as follow, chitosan: PVA composition was (50/50) (W: W) weight by weight, 3 freeze thawing cycles and 24hr for the cycle time. Herein, we apply the optimum condition for the two polymers (for PVA/AgNPs nancomposites and Cs/MMT nancomposites). Table 1 indicates hydrogel membrane compositions which successfully forming elastic and handle hydrogel, the following sections will indicate the effect of nanometals on the physical and mechanical properties of the obtained membrane. Characterization of the nancomposites Ultra Violet-Visible (UV-Vis) Spectra UV-vis spectral analysis was done by using a 50 ANALYTIKA, JENA Spectrophotometer from 200 to 500 nm.
Transmission Electron Microscope (TEM)
TEM was used to assess the potential impact of the modification on the elemental and structural properties of the synthesized PVA/AgNPs. The TEM analysis was done usingJEOL-JEM-1200 (Japan).
Scanning Electron Microscope (SEM)
SEM analysis was done using a scanning electron probe micro analyzer (JXA-840A, Japan). The specimens in the form of films were mounted on the specimen stabs and coated with thin film of gold by the sputtering method. The micrograph was taken at magnification of 1000 using (KV) accelerating voltage. The composition of selected nanoparticles was determined by energy dispersive X-ray (EDX) analysis using INCa (X Sight) (England).
Swelling Percent
Pre weighed dry samples of the prepared PVA/chitosan hydrogels and PVA/chitosan containing nancomposites as mentioned in table 1. Dried samples were immersed in buffer solutions at pH 7. At 25 ºC, the samples were weighed at set intervals 1, 2, 3, 4, 24 and 48 hr and the changes of weight were recorded; before samples were weighed they were blotted to remove any excess media from the surface. The swelling percent was calculated using the following equation 1: Sw% = (Ws -Wd)/Wd x100 …………………. equation 1. where Sw (%) is swelling percent, Wd and Ws are the weights of the samples in the dry and swollen states respectively (Abureesh et al.,) .
Mechanical properties
The mechanical properties of PVA/Chitosan hydrogel membrane in presence and absence nanomaterials were examined using tensile elongation tests. Typically, equilibrium swollen membranes were cut with 25 cm length and 5 cm weidth with fixed thickness. The breaking load of the samples was determined by the strip method on tensile tester instrument (ASANO Machine MFG.CO, DSAKA, No.6202, Japan) according to ASTM method D2256-66T (ASTM Test Method, 1972) . Elongation-at-breakwas determined according to ASTM procedure D-2296-66T (Liu et al., 2010) .
Antimicrobial Activity Test
Test disc diffusion method with some modification was used for screening the membrane samples for antimicrobial activity (Ericson and Sherris, 1971) . Nutrient agar for bacteria 0.1 ml of an appropriate dilution of the test culture was used. The prepared hydrogel membranes (1-cm diameter) were placed on the surface of the incubated plates at 35°C for 24 hours. Diameter of plates inhibition zone (mm) including the disc diameter was measured for each treatment.
RESULTS AND DISCUSSIONS Preparation of PVA/ AgNPs
Reduction method one of the famous ways for silver nanoparticles production. Silver salt ionized in solution forming silver cations and complementary anion. Herein our work, NaBH4 used as reducing agent in presence of PVA which acting as cluster stabilizer. Fig. 1a clearly shown the difference of the color between PVA precursor and PVA/AgNPS with the yellow color, These particles at Fig.1b have specific optical properties indicated by the presence of intense absorption band around 400 nm caused by collective excitation of all the free electrons in the particles. TEM images (Figure1c) are situated that the prepared particles lying in the nanosized range from 20-50 nm (Guo et al., 2013) . 
Characterization of Exfoliated chitosan / MMT using X-Ray Diffraction (XRD) and Transmission Electron Microscope (TEM)
Nanocomposites are shown Fig. 2a . It's clearly appearing the difference in color between chitosan and chitosan / MMT nancomposite. Also Fig.2b two clear XRD reflections at 2θ=11.6° and 20° were observed for CS (Fig. 2b) and the intensity of the chitosan decreases when MMT was added by (1/20). And small three additional reflections appeared at 8.5°, 16.1° and 22.9°. Fig.  2C TEM images (Fig. 2c) of the prepared Cs/MMT nanocomposite shows dispersed layers in nanosized. As published, MMT layers separated with metal ions and chitosan as cationic biopolymer used to exfoliated these layers by substituted the interlayer metal cations (Hsu et al., 2012) .
Swelling Percent
Swelling percent of PVA freeze thawed hydrogel ordinary affected by composition percent, PH, freezing time, number of freezing cycles and time of each cycle etc. in the current paper we study the effect of incorporation nanometals on the prepared chitosan/PVA freeze thaw membrane.
As known swelling steps starts with absorption, diffusion and relaxation. Firstly absorption depends on hydrophilicity of the composition, it is clearly shown at Fig. 3 that membranes containing MMT as hydrophilic nanomaterials showed high swelling percent at first hour. Diffusion step completely depend on network structure. The presence of nanometals affected negatively on the crosslinking capacity and positively on swelling percent.
It's clearly observed that swelling percent of membrane containing two nanometals MMT and AgNPs more than containing only each one of them. In the case of presence of one of the nanometals, it's obvious that MMT with time pass it may separation process occur from chitosan. chitosan amino group preferred attraction to hydroxyl group of PVA which effect on the membrane hydrophilicity and swelling percent, also PVA membranes containing AgNPs showed high swelling due to blocking effect of cationic AgNPs to negative site of PVA hydroxyl groups affecting negatively on crosslinking process positively on swelling percent (Chhatri A et al., 2011) .
Mechanical Properties
For all membranes prepared by freeze thaw cycle, the mechanical properties of the hybride hydrogel membranes better than pure Cs:PVA membrane hydrogel. Tensile strength results Figure4a and maximum loaded fig. 5b showed that MMT played a very good role in the enforcement of hydorgel network, it is possible for PVA to form crystalline coating around the MMT layers and AgNPs, maximizing interfacial stress transfer.
This may be reason why the mechanical properties of the membrane containing MMT are better than the pure Cs: PVA hydrogels. Indeed, originally polymer provides high mechanical provides high elongation. In our case may nanocomposites strengthen internal network and did not provide elasticity to the prepared hydrogel membranes (Tong et al., 2007) . 
Scanning Electron microscope (SEM)
The surface morphology of the prepared membrane remained similar to Cs: PVA prepared samples; the hydrogel membrane containing MMT has changed to a amorphous morphology. As mentioned, these coagulation presence on the surface Figure5 b,c may resulted from chitosan electrostatic attraction to PVA. The presence on MMT on the surface affected positively on the first step of the membrane swelling as mentioned before. Also, homogenous pores and open pores clearly showed to membranes don't containing nanometals over than containing silver nanoparticles and normally over membranes containing MMT. Small pores related to membrane containing nanometals enable an effective capillary attraction provided high swelling percent which understandable us as smaller pore size doesn't mean a smaller porosity.
Antibacterial activity
The antibacterial activity of the prepared membranes in presence and absence of nanomaterials towards Staphylococcus aureus as a gram-positive coccal bacterium and Pseudomonas as a genus of Gram-negative and Candida as a yeast were examined. The results Figure 6 a, b and c and Table 2 showed bacterial growth on the sample don't containing nanometals. All membranes containing AgNPs showed antibacterial activity especially samples containing silver nanoparticles which known with its antibacterial activity (Lavorgna et al., 2014) . Also chitosan / PVA membrane shows antibacterial activity thanks to amino group of chitosan which known with its antimicrobial power. Cs/MMT: PVA the week membrane among all samples, it may due to the blocking effect of MMT to the amino group of chitosan which affect negatively on the antibacterial activity.
